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"PEBFUJOBOPOEIETHEES, AND k PROCESS FOR THE 
FTrep a PATI^ J3g J^_SA^ n 

This invention relates to perf luoropolyether s , and to a 
process for the preparation of the same. 

It is known that the polyperoxidic perfluoropolyethers of 
formula : 

BO - 2r(C2P 4 0) p -(CP 2 0) g -(0) s _7-R' (I) 

wherein R and R 1 are the same as or different from each 
other and may "be -CF^, -COF, or -CI^-COF; £, ^ and J3 are 
from 300 to 20,000; and the ratio p/q is from 0.2 to 25, 
may he obtained "by photo-oxidation of perf luoroethylene . 
This polyperoxide may be reduced to a polyether devoid 
of peroxide oxygen atoms by thermal or heat treatment at a 
temperature from 150° to 250°C, or by subjecting the 
pure polyperoxide or the polyperoxide dissolved in a 
solvent to irradiation with mercury-vapour lamps. 

In this second phase, when the precursor (I) has a high 
content of peroxidic oxygen atoms, there takes place a 
molecular degradation and a loss in weight , which are 
more notable the greater the content of peroxidic oxygen 
atoms. Moreover, the greater the degradation of the 
molecular weight and the loss in weight, the greater the 
content in the chain of oxyperf luoromethylenic units 
that are capable of progressive fissions ( chain fissions), 
known as P-fission processes. 

For example, in the case of a peroxidic precursor 
corresponding to the formula (I) and obtained from the 
photo-oxidation of tetraf luoroethylene , and having a 
peroxidic oxygen content of 1.8 g/100 g of product, that 
is a content of -0-0- units which, referred to the sum of 
p+q units, corresponds to a molar ratio s/p+q of 0.1 and 
a molecular weight of 570, (XX) with a p/q ratio equal to 
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1.3» heat treatment in a glass reactor at a temperature 
from 130° to 190°C in 8 hours yields an end product that 
is no longer peroxidic, having a molecular weigjit of 
33*000 and a p/q ratio equal to 0.7» while the loss in 
weight amounts to 25%. It is calculated that during the 
reduction, as an average , from a chain of starting poly- 
peroxide there are obtained twelve new chains with lengths 
corresponding to about 500 p+q units. 

She content of peroxidic oxygen indicated hereinabove fl^d 
in the following corresponds to one oxygen atom per each 
peroxidic bridge. 

For the same starting product, placed in a cylindrical 
glass reactor kept at -20°C and fitted with a series of 
concentric quartz sheathes, at the centre of which had 
been placed a medium pressure mercury-vapour lamp of the 
Hanau TQ150 type, there was recorded a loss in weight 
equal to 18%, while the product thus prepared showed a 
molecular weight of 45,000 corresponding to a chain 
formed of 550 (p+q) units* 

Repeating the thermal reduction test on a peroxidic pre- 
cursor of formula (I), characterized by a peroxidic oxy- 
gen content equal to 4.1 g/100 g of oil, a p/q ratio of 
2.1, a viscosity of 3 x 10^c.St/20°C and a molecular 
weight of 1.1 x 10 , by heating at a temperature from 
150°C to 250°C for 8 hours, there is obtained a non- 
-peroxidic product, with a loss in weight of 58%, having 
a molecular weight of 7700 correspondi ng to about 100 
(p+q) units; there have thus been obtained about 150 
chains per starting peroxidic chain. 

Hie present invention in one aspect provides a perfluoro- 
polyether comprising recurring -CFg- and -<2$~p2g- units 
and a third fluoroalkylenic unit containing three or more 
carbon atoms and deriving from a mono- or di-olephin at 
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least partially fluorinated, the said recurring units 
being joined to each other through oxygen atoms with 
etheric bonds, and being arranged in a random distribution 
along the polymeric chain. 

The invention in another aspect provides, a process for 
5 the preparation of a perfluoropolyether according to the 
first aspect of the invention, comprising reacting a 
peroxidic perfluoropolyether , obtained by the action of 
oxygen on C^P^ in the presence of U.V. radiation, with 
either a mono- or di-olephin, at least partially 
10 fluorinated, and selected from those not susceptible or 
only scarcely susceptible to homopolymerize in the 
presence of peroxide and/or U.V. radiation, the reaction 
between the peroxidic perfluoropolyether a nd the said 
olephin being conducted in the presence of U.V. radiation. 

15 The present invention thus provides a process for the 
obtention of perfluoroethers having in the polymeric 
chain at least three different alkylene units linked to 
each other through etheric bridges pr\r] arranged by a 
"random" distribution along the polymeric chain; two of 

20 these units, consisting of -GF^- and -C^P^, are those 
resulting from the photo-oxidation process of CgP^ and 
pre-exist in the structure of the peroxidic precursor, 
while the third alkylene unit is introduced into the 
ch a in according to the present process and has three 

25 or more carbon atoms. 

Ibis additional unit is inserted in place of the peroxidic 
bridges and alternates with the other pre-existing oxy- 
perf luoroalkylene units thereby forming a polyetheric 
structure. The starting product of the present invention 
30 is preferably a polyp eroxidic perfluoropolyether with a 
structure corresponding to the above formula (I) wherein 
the sum p+q is from 300 to 20,000, more preferably from 
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300 to 15,000, and the ratio s/p+q is from 0.05 to 0.5, 
more preferably from 0.05 to 0.25* 

Such a starting product may be obtained according to a 
photo-oxidation process carried out in a cylindrical 
reactor provided with a series of concentric sheaths of 
transparent quartz, such that in the central sheath there 
is placed a medium-pressure mercury-vapour lamp of the 
Hanau TQ 150 type (150 W), while in the interspace with 
the adjacent sheath there circulates an aqueous solution 
containing up to 2% of CuSO^, and in the outer interspace 
there circulates a flow of nitrogen. Into the reactor 
are condensed, and kept at a temperature from -60°C to 
-35°C, 1000 grams of dif luorodichloromethaue . 

After ignition of the mercury-vapour lamp inside the 
sheath system described above, there is bubbled through 
a mixture of oxygen and tetraf luoroethylene in a Og/C^P^ 
ratio from 2 to 1, with a flow rate of up to 80 lt/hr. 
Prom the radiations coming from the mercury-vapour lamp, 
filtered by the CuSO^ solution, there are gradually 
eliminated, as the concentration of the CuSO^ increases 
up to 2% y the radiations with a wave length below 280 nm. 
In this way the radiations thus selected promote the 
formation of a product with a greater peroxide content 
and a greater molecular weight. 

After five hours of irradiation under above indicated 
conditions, there will be obtained a solution containing 
lip to 25% by weight of a polyetherperoxide oil that is 
characterized by iodometric titration, N.M.R. analysis 
and viscosity. 

The polyperoxidic perfluoropolyether precursors are made 
to react at temperatures from -50° to +50°C, in the 
presence or absence of f luorinated or chlorof luorinated 
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solvents liquid at these temperatures, in the absence of 
either air or molecular oxygen, with suitable olephins 
introduced into the mixture in the gaseous form or in 
the liquid state* 

5 The mixture of reactants is then subjected to irradiation 
with ultraviolet rays in the range from 240 to 360 urn, 
emitted by a Hanau TQ 150 type lamp with the mercury 
vapour at medium pressure. 

Such a process, conventionally referred to as a re- 
10 -irradiation process, leads to the elimination of the 
• -0-0- groups, according to a reaction scheme in which 
the scission of the peroxidic bond is followed by an 
insertion reaction of the plephin at a competitive rate 
with respect to the degradative 3-scission reactions.. 

15 Ihe preferred solvents for the process are selected from 
perfluoroalkanes and perfluoropqlyethers, for exan^le 
perf luoroe'thane , perfluorocyclobutane, perfluorodi- 
methylcyclobutane and perfluoropropylpyrane. 

• 

The preferred fluoro-olephins for the reaction with the 
20 polyperoxidic precursor are those having the characteris- 
tic of not homopolymerizing according to a radical 
mechanism in the presence of peroxide t>r of TJ.V. 
radiation (group 1) or of homopolymerizing with difficulty 
(group 2). 

25 Examples of preferred fluoro-olephins of the group 1 
are: hexafluoropropene, 1-hydropentaf luoropropene-1 , 2- 
-hydropentafluoropropene-1 , perfluoromethylvinylether, 
perf luoropropylviiaylether , and 4-trif luor omethyl-3 , 6- 
-dioxyperf luoroheptene-1 ; examples of preferred fluoro- 

30 -ole phin s of group 2 are: cycloperf luorobutene , 
perf luorobutadiene , and trifluorobromoethylene. 

Such ole phins react, under the described conditions, with 
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radicals of the perfluoroalkoxidic type, generated by 
the fission of the peroxidic -0-0- bond, or they react 
with radicals of the perf luoroalkylenic type co i ni ng from 
the immediate metathesis of perf luoroal froxidic radicals 
5 through the p-scission mechanism. 

In the overall reaction, the perfluoro-olepbin inserts 
itself into the polymeric chain at the site of the 
peroxidic bond through the described start log reactions 
and the end reactions for the coupling between the 
10 radicals, having a high degree of competitiveness with 
respect to the fission reaction of the chain* 

For example, a peroxidic type I precursor, coming from 
the photo-oxidation of C^P^, as previously herein 
described, with a molecular weight (MV) of 1.10.10 6 and 

15 an active oxygen content of 4 g/100 g of product, and 
from which had been removed any trace of dissolved 
molecular oxygen, was subjected to a re-irradiation 
treatment with a mercury-vapour lamp of the Hanau 
TQ 150 type, at low temperature, in the presence of 

20 hexafluoropropene, thereby obtaining a new polyether 
where, at the site of the pre-existing peroxidic -0-0- 
group, through the sequence of the described reactions, 
there has taken place insertion with the formation of 
structures, prevailingly of the type : 

25 - 0 C 3 P 6 - CT 2 0 - 

- 0 c 5 p 6 - 0 - 

wherein C^Fg represents the unit -CF 2 -CF(CFj)- and CgP^ 
represents the unit -CE^CF^* 

According to a preferred embodiment of the process of 
30 this invention, the peroxidic perfluoropolyetheric 

precursor is dissolved in an excess of fluoro-olephin so 
as to form a 50-50% solution; the mixture thus obtained 
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is then cooled dowa to a temperature from -40° to 0°C, 
after which it is then subjected, through a quartz sheath 
or window, to irradiation with a medium-pressure mercury- 
- vapour lamp. 

5 The reaction is then continued up to the total dis- 
appearance of the peroxidic bridges, while the resulting 
polyether is recovered through evaporation and distilla- 
tion of the fluoro-olephin. It will he observed that 
the reaction did not cause any loss in weight of the 
10 starting peroxide. 

In relation to the reacting product, by means of chemical 
and structural (BMR) analyses, there is then ascertained 
the disappearance of the peroxidic oxygen and the 
appearance of new perf luoroalkylenic units which confer 

15 to the product itself a structure that is new with 
respect to that of the starting perfluoropolyether- 
-polyperoxidic precursor. Moreover, there is also 
determined a viscosity of 30,000 c.St (at 20°C) and a 
M.W. , on the basis of a gel permeation chromatography 

20 test, of 270,000. Since from BMR analysis the p/q ratio 
is equal to 0.8, it is determined that from each starting 
peroxidic chain, on average, there have been formed 4 
chains. 

The products obtained according to the re-ixradiation 
25 process consist of perfluoropolyetheric chains having 
chain terminals of the neutral type (such as -CF^) or of 
the acid type (such as -CPg-CQF), coming from the 
peroxidic precursors of formula I. 

Ihe acid terminals, of the carbonylfluoride type, may be 
30 transformed into neutral terminals according to one of 
the following two processes : 

(a) by fluorination at high temperature (150° - 240°C); 

(b) by alkaline hydrolysis with KQH at 5% 
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in the presence of ethylene glycol at 180°C. 

The new neutral groups are of the type -C^P^, -CF^ in 
the case of the first process , or of the type -CFgH in 
the case of the second. 

The fluoridation process (a) is the preferred one for 
obtaining neutral perfluoropolyethers, in the case in 
which the re-irradiation process of the peroxidic 
precursor had been made with fluoro-olephins "belonging 
to group 1. 

The acid terminals may also be transformed into different 
terminal groups such as into esteric, amidic, or 
methylolic groups, by the methods described in, for 
example, U.S. Patent Uos. 3 8*7 978, 3,86* 318 and 
3 876 617* 

The advantage of the present process of re-irradiation of 
the peroxidic precursor with fluoro-olephins are : 

(1) the obtention of non-periodic perfluoropolyethers 
containing -CgP^O- and -CF 2 Q- units of a high 
molecular weight, greater than that obtainable 
with the processes known previously (thermal reduc- 
tion or photochemical reduction in the absence of 
olephin) ; 

(2) minimization or elimination of the molecular degrad- 
ing of 1die starting chain giving gaseous products; 

(3) obtention of end products, after the elimination of 
the acid terminals through treatment with fluorine, 
which are found to be more stable to heat than it is 
possible to obtain by means of the known processes. 

The perfluoropolyethers obtained according to the present 
invention and having neutral terminals find useful 
application as hydraulic fluids of high viscosity, such 
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as heat-exchange liquids with a very high chemical and 
thermal stability. Still another application of 
perfluoropolyethers with a high molecular weight 
obtainable according to this invention is that of 
5 additives for fluorinated elastomers with the aim of 

improving the processability (workability) of the latter. 

In the case that the re-irradiation process of the 
peroxidic precursor is achieved with a fluoro-olephin of 
group 2, having two double bonds, as in the case of per- 

10 fluorobutadiene, or a reactive group such as the bromine 
atom of brcmotrif luoroethylene , the end products have, 
after the re-irradiation, reactive sites in the perfluoro- 
polyetheric chain (such as the double bond or the br omine 
atom) which may be suitably dosed in their concentration, 

15 starting from the peroxidic oxygen content in the start- 
ing peroxide, and may be utilized as reactive sites for 
realizing cross-netting reactions amongst the linear 
chains or grafting reactions of other olephins, or fixing 
on other polymeric substrates or on other materials. 

20 The invention will be further described with reference to 
the following illustrative Examples. 

Into a cylindrical 900 cc glass reactor of 100 mm 
diameter, provided with a three-sheath system of coaxial 

25 quartz-sheaths respectively of 22, 40 and 60 mm diameter, 
and a drawing pipe for the introduction of the gases, and 
fitted with a condenser thermo-stabilized at -80°C, there 
were introduced 1100 grams of dichlorodif luoromethane . 
Inside the 25 mm diameter sheath there was placed a 

50 medium-pressurized mercury-vapour lamp of the Hanau 

0!Q 150 type of 150 W, while in the interspace between the 
25 mm sheath and the 40 mm sheath there was made to circu- 
late a solution containing 0.5% of OuSO. in order to cool 
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the burner and eliminate the radiation of wave length 
below 260 nm. Within the interspace between the 40 mm 
sheath and the 60 mm sheath, there was made to circulate 
nitrogen. 

5 Birough the drawing pipe there were fed into the reactor, 
over a period of time of 5 hours, 120 litres of CgP^ and 
200 litres of oxygen, maintaining the temperature of the 
reaction mixture at -35°C. At the end of 5 hours, the 
mercury-vapour lamp was switched off and the solvent was 
10 allowed to evaporate from the reactor, facilitatin g its 
removal by means of a weak nitrogen current; thereby there 
were obtained 210 grams of a polymeric liquid that had 
remained as a residue. 

By iodometric analysis there was ascertained a peroxidic 
15 oxygen content of 1.8 grams/100 g of polymeric oil. HME 
analysis showed that the polymeric product consisted of 
polyetheric chains containing units of the GFgO q ^d of 
the -CF 2 CF 2 0- type, statistically spaced with -CF 2 00- 
and -CPgCPg-OO- units in such quantities that the total 
20 ratio Cg/C^ equals 1.3. 

Because of the high molecular weight the terminals were 
not detectable by the HME analysis, as a result of which 
it was not possible to evaluate in this way the molecular 
weight. The viscosity of the product determined by means 
25 of a Brookfield viscosimeter was found to be equal to 
10^ c.St., a value which, on the basis of a preceding 
calibration, permitted the molecular weight to be 
calculated to be 570,000, corresponding to 6050 units 
in the chain. 

50 100 g of the product thus prepared and isolated in the 
pure state were placed into a reactor like that described 
previously and, while maintaining a moderate nitrogen 
current, in the reactor maintained at at -40°C, there 
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were condensed 400 g of perfluoropropene. After all the 
polymeric oil was dissolved in the olephin, into the 
system of sheaths, refrigerated with distilled water, 
there was introduced a medium-pressurized 150 W 
5 mercury-vapour lamp. After 8 hours of irradiation, the 
lamp was turned off and the unreacted perfluoropropene 
was evaporated. There were thus obtained 105 g of a 
polymeric oil that did not exhibit, upon iodometric 
analysis, any content of peroxidic oxygen. 

10 The viscosity, evaluated by means of the capillary 
viscosimeter, was 17,000 c.St, corresponding to a 
molecular weight of 190,000. BUR analysis showed, in 
a dd ition to the normal structure of a non-peroxidic 
poly ether, the appearance of new bands which were 

15 attributed to new units containing 4 or more carbon 
atoms. 

The product was then quantitatively transferred into a 
three-necked flask fitted with a stirrer, a condenser 
and a drawing pipe through -which was made to pass a 

20 mixture of fluorine and nitrogen in a fluorine/nitrogen 
ratio of 1 :1 and at a flow rate of 10 lt/hr. The 
temperature was gradually brought from 150°C up to 
240°C in 2 hours. The f luorination was then continued 
for a total of 10 hours, thereby obtaining 85 g of a 

25 neutral product with a viscosity of 16,000 c.St, 
corresponding to a molecular weight of 180,000. 

On this product was then carried out the evaluation of 
the viscosity index through the viscosity values at 37.8°C 
and at 98.9°C, respectively corresponding to 8000 and 
30 1200 c.St. 

The stability to thermal oxidation was tested for 24 
hours at 250°C, in the presence of a EL-A1-V alloy and 
an air current flowing at a rate of 1 lt/hr, but no 
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variation either with respect to the loss of weight or 
with regard to the viscosity and acidity characteristics 
of the product were detected. 

COTIPABATIVE EX AMPLE 1A : 

5 50 Grams of the starting peroxidic product in the pure 
state were placed inside a quartz phial and were then 
irradiated at roam temperature using a medium-pressurized 
150 W mercury-vapour lamp placed outside the phial. After 
15 hours of irradiation, there were gathered 41.5 g of a 
10 polymeric oil having a peroxidic substance content that 
was not detectable, while the viscosity was 1150 c.St, 
corresponding to a molecular weight of 36,000, equal to 
450 units per chain. 

The fluoridation of the product thus obtained according 
15 to the procedure previously described yielded 38 g of a 
neutralized polymeric oil having a viscosity of 1000 c.St, 
corresponding to a molecular weight of 3^*000, equal to 
390 units per chain (p/q = 0.78). 

(X 3MPAB A3T 7E EXAMPLE 1B : 

20 50 Grams of the starting peroxidic product were trans- 
ferred into a flask provided with a stirrer, a condenser 
and a drawing pipe through which was made to circulate a 
slight flow of nitrogen. 

She oil was heated up to 240°C according to the following 
25 heating cycle: 140°C (for 2 hours), 160°C (2 hours), 

180°C (2 hours), 200°C (2 hours) and 240°C (for 8 hours). 

At the end of the treatment there were obtained 35.6 
grams of non-peroxidic oil having a viscosity of 950 c.St, 
corresponding to a molecular weight of 32,000, equal to 
30 400 units/chain. 



The f luori nation of the product thus prepared according 



- 13 - 



0089820 



to the procedure previously described yielded 30.1 g of 
a polyether with a viscosity of 940 c.St, corresponding 
to a molecular weight of 32,000, equal to 400 units per 
chain. 

5 EXAMPLE 2 : 

Using the same equipment as in Example 1 and operating in 
the same way, while allowing a 1% solution of CuSO^ to 
circulate in the refrigerating sheath, into the reactor 
there were fed in, during a period of 5 hours, 140 It 
10 of and 200 It of oxygen, the reactor temperature 

being maintained at -45°C At the end of the reaction, 
after evaporation of the solvent, there were obtained 
221 g of a polymeric liquid having active oxygen content 
equal to 3-1 g per 100 g of oil. 

15 The viscosity, determined by means of a Erookfield 
viscosimeter, was 1.3 x 10^ c.St, corresponding to a 
molecular weight of 800,000 (8420 units), while the 
Og/C^j ratio, determined through HUE analysis, was 1.3. 

Operating according to the procedure described in 
20 Example 1, 100 g of the product was transferred into a 
second reactor and on this product were condensed 400 g 
of perfluoropropylene.. 

Ihe mixture was then irradiated for 8 hours at a tempera- 
ture of -30°C. Once the photochemical reduction reaction 

25 was achieved, there were obtained 105 grams of a polymeric 
product the peroxidic content of which was zero. The 
viscosity of the product, determined by a capillary 
viscosimeter, was 26,000 c.St, which corresponded to a 
molecular weight of 250,000 (equal to 2810 units/chain). 

30 The Cg/Cyj ratio, determined by HMR analysis, was 0.8. 

CQMPABAJTVE EXAMPLE : 

100 Grams of the same peroxidic product were reduced 
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thermally) operating in the same way as described in 
Example 1B. 

At the end of the reaction there were obtained 58 g of a 
non-peroxidic oil having a viscosity of 550 c.St, 
5 corresponding to a molecular weight of 18,900, equal to 
220 units per chain (p/q = 0*6). 

EXAMPLE 3 : 

Using the previously described equipment, for the cooling 
of the mercury lamp there was used a 2% solution of CuSO^. 
10 Using this concentration it proved possible to e liminat e 
the U.V. radiation with a wave length below 280 nm. 

During 5 hours, and maintaining the reaction mixture 
temperature at -40°C, into the reactor were fed 80 litres 
of and 160 litres of oxygen. At the end of the re- 

15 action there were obtained 120 grams of a very viscous 
polymeric product which upon iodometric analysis showed 
a peroxidic oxygen content of 4.1 g/100 g of product and 
a viscosity of 3 x 10^ c.St, corresponding to a molecular 
weight of 1.1 x 10 6 . HMR analysis gave a C^O, ratio = 

20 2.1. 

60 Grams of the product thus obtained were dissolved, 
according to the same procedure as described in Example 1, 
in 400 g of CjPg and irradiated, using the whole spectrum 
of the water-cooled , medium-pressurized mercury-vapour 
25 lamp. 

After 8 hours of irradiation, and after evaporation of 
perfluoroprqpene, there were obtained 67 g of a non- 
-peroxidic polymeric product having a viscosity of 
30,000 c.St, and a Cg/C^ ratio, determined by means of 
30 HMR spectrometry, equal to 0.8. This corresponded to a 
molecular weight of 270,000 and a number of units per 
chain equal to 3050. 
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The product quantitatively transferred into a three- 
-necked flask was fluorinated according to the procedure 
described in Example 1 . Thereby there were obtained 58 g 
of a neutral product having a viscosity of 28,000 c.St, 
5 corresponding to a molecular weight of 260,000. 

The remaining 60 grams of peroxidic product of the 
preceding preparation were subjected to thermal reduction 
according to the procedure described ±a Example 1. 

10 There were obtained 25 grams of a product with a low 
viscosity of 90 c.St and with a C^C, ratio = 0.3, 
corresponding to a molecular weight of 7700 and a number 
of units per chain equal to 100. 

EXAMPLE 4 : 

15 160 Grams of a polyperoxidic polyether having a peroxidic 
oxygen content equal to 0.8 g of active oxygen/100 g of 
product, and having a viscosity of 1100 c.St, correspond- 
ing to a molecular weight of 3500, dissolved in 400 grams 
of perfluorocyclopyrane, were irradiated in a sheath- 

20 -reactor similar to that described in Example 1, over 
4 hours. . 

During the photochemical reduction there was fed through 
the drawing pipe of the reactor 2.5 It of perfluorobuta- 
diene. After evaporation under vacuum of the solvent, 
25 there were obtained 162 g of a product the peroxidic 
product content of which was zero. The viscosity was 
1250 c.St. 

A solution in C3? 2 C1-CFC1 2 of the oil thus prepared was 

additioned with bromine to establish the existence in the 

50 molecule of double bonds. Moreover, the infrared 

-1 

spectrum at 1780 cm showed the typical frequency of the 
double bond. 
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50 Grams of the above prepared perf luoropolyether 
product, dissolved in CF^Zl-GFClgi were oxidized by 
treatment at 40°C for 5 hours with permanganate diluted 
in acetone. After elimination of the solvent and wash- 
5 ing with acetone, there was added to the product a 
methanol! c solution containing 3.5 g of hexamethylene- 
di amine which was maintained for 2 hours at 50°C. In 
this way there was caused the formation of a gel insolu- 
ble in CPgCl-CPClg. Infrared analysis showed the 
10 presence of a carbonyl group at 6.8 microns, characteris- 
tic of ami die bonds* From this it can be inferred that 
the hexamethylenedi amine had cross-linked the 
perf luoropolyether. 

KX7MFLE 5 : 

15 Using the same equipment and procedure previously 

described, 100 g of a polyperoxLdic polyether, with a 
peroxidic product content of 0.8 g of active oxygen per 
100 g of product and a viscosity of 1100 c.St, were 
dissolved in 400 g of trif luorobromoethylene , maintaining 

20 the mixture of the reactants at -4-5°C. 

She solution was then irradiated with a Hanau TQ 150 
type mercury-vapour lamp, for a period of 4- hours. There 
were obtained, after evaporation of the solvent, 95 grams 
of a non-peroxidic oil having a viscosity of 550 c.St 
25 (m.w. equal to 23,000). 

Analysis showed a Br content equal to 1.8% by weight. On 
the basis of the viscosimetric molecular weight of 23,000, 
it can be calculated that each chain contained on average 
5 bromine atoms. 
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CIA I M S 



A perf luoropolyether characterized by comprising 

recurring -GE^ 9114 ~ C5 2 CF 2~ ami ' fcs 311(1 a 
fluoroalkylenic unit containing three or more 
carbon atoms and deriving from a mono- or di- 
-olephin at least partially fluorinated, the said 
recurring units being joined to each other through 
oxygen atoms with etheric bonds, and being arranged 
in a random distribution along the polymeric chain. 

A perf luoropolyether as claimed in Claim 1 , 
characterized in that the sum of the -GFg- and 
-CE 2 CF 2 - units is from 500 to 20,000. 

A perf luoropolyether as claimed in Claim 1 or 2, 
characterized in that the numerical ratio between the 
fluoroalkylenic uints containing three or more carbon 
atoms and the sum of the -CEg- and -CT^CF^- units 
is from 0.05 to 0*25. 

A process for the preparation of a perf luoropoly- 
ether according to Claim 1 , characterized by com- 
prising reacting a peroxidic perf luoropolyether, 
obtained by the action of oxygen on C^P^ in the 
presence of U.T. radiation, with either a mono- 
or di-olephin, at least partially fluor inat ed, p-nfl 
selected from those not susceptible or only scarcely 
susceptible to homopolymerize in the presence of 
peroxide and/or TJ.V. radiation, the reaction between 
the peroxidic perfluoropolyether and the said 
olephin being conducted in the presence of U. ir- 
radiation. 



- 18 



0089820 



5. A process as claimed in Claim 4, characterized in 
that the fluorinated olephin is C^Fg. 

6. A process as claimed in Claim 4, characterized in 
that the fluorinated olephin is CFBr = CP 2 » 

5 7* A process as claimed in Claim 4, characterized in 
that the fluorinated olephin is CF 2 =CF-CT=CT 2 . 

8. A process as claimed in "any of Claims 4 to 7, 
characterized in that the acid terminal groups of 
the perfluoropolyether are eliminated through 

10 treatment with gaseous fluorine at a high 

temperature. 

9. A process as claimed in any of Claims 4 to 8, 
characterized in that the peroxidic perfluoropoly- 
ether is obtained by the action of oxygen on CgP^ 

15 in the presence of TJ.V. radiation generated by a 

mercury-vapour lamp and filtered by an aqueous 
solution of CuSCL. 
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